Abstract -Glucose metabolism was studied in 31 pregnant ewes fed mixtures (50:50) of chopped alfalfa hay and corn grain given in whole (HWC) or extruded form (HEC). Number of fetuses was 1 (n = 10), 2 (n = 11) or 3 (n = 10). Diets were supplied at three dietary levels: maintenance (1.0 M), 1.25x maintenance ( I .25 M) or twice maintenance (2.0 M). Glucose metabolism was estimated by a double isotope dilution procedure at days 97-121 of pregnancy. Glucose entry rate (GER) was higher (P < 0.04), and glucose irreversible loss rate (GILR) tended to be higher (P < 0.07) in ewes given HEC than HWC. Dietary level (P < 0.001) and the number of fetuses (P < 0.005) affected GER and GILR positively. These results provide a probable explanation for higher birth weights previously found in lambs born to HEC-, compared with HWC-fed dams. &copy; Inra/Blsevier, Paris. sheep / ewe / glucose metabolism / pregnancy Résumé &horbar; Influence de l'extrusion de maïs sur les concentrations de glucose chez la brebis gestante. Le métabolisme du glucose a été étudié chez 31 brebis gestantes qui ont reçu un mélange (50:50) de foin de luzerne et de grain de maïs distribué entier (HWC) ou extrude (HEC). Le nombre des foetus était 1 (n = 10), 2 (n = 11) ou 3 (n = 10). Les rations ont été distribuées à trois niveaux d'alimentation : entretien (1,0 M), 1,25 x entretien (1,25 M) ou 2 x entretien (2,0 M). Le 
INTRODUCTION
The uterus and accompanying fetuses are dependent on glucose as an energy source and utilize a major part of the glucose produced by pregnant ewes [12] . The birth weight of lambs, which largely determines perinatal survival [6] , is positively related to the glucose entry rate (GER) of ewes during late pregnancy [1] . Although the glucose metabolism of sheep is related to the energy intake [15] , this relationship is not linear in pregnant sheep [7] . The effect of feeding level on glucose metabolism in monocotous and polycotous pregnant sheep has not yet to our knowledge been reported.
Sheep fed maintenance level rations containing whole corn grain, which is moderately degradable in the rumen, had higher GER than sheep fed iso-energetic rations containing highly degradable extruded corn grain [8] . However, quite surprisingly, feeding extruded corn grain -at twice the maintenance level -to ewes bearing twin lambs during late pregnancy resulted in higher lamb birth-weights than feeding whole corn grain [10] .
The purpose of the present research was to study the combined effects of starch ruminal degradability, level of intake and the number of fetuses on glucose metabolism.
Glucose metabolism was evaluated in pregnant ewes fed diets containing corn given in whole or extruded form at different levels of intake. [8] . Glucose 
Glucose kinetic studies
Procedures have been fully described previously [8] . In brief, indwelling cannulas (BARD-I-CATH, 14 [8] . Water was evaporated from eluents by heating the plasma in an air-forced oven at 70 °C), because the label from 3 H-glucose is lost only to body water [18] . After re-hydration, the samples were dissolved in Triton-toluene scintillation liquid and counted for radioactivity in a (3-counter (Beckman 7800).
Radioactive specific activity (RSA) was calculated for each plasma sample. Thirty-one individual curves of RSA were analysed using a computerized 'peeling off' procedure and served for calculations of glucose mass ( GM , g . kg -I B W o.75 ) , glucose entry rate (GER, g.min-kg-' BW°v5 ) and glucose irreversible loss rate (GILR, g-min.kg-I BWo.!s) as described previously [8] Non-esterified fatty acids (NEFA) and insulin in pre-prandial plasma (sampled before administration of radioactive glucose) were analysed as described before [8] . ] . In a previous study in non-pregnant ewes, we demonstrated higher GER when the diet included whole corn grain, compared to ground or extruded grain [8] . In contrast, in the present study, GER was higher in pregnant ewes fed extruded corn than in those fed whole corn grain (table o. This last finding is in agreement with our previous report that ewes fed diets containing extruded corn gave birth to heavier lambs than ewes fed diets with whole or ground corn [10] . Feeding HEC is associated with high levels of propionate in ruminal fluid [8] . Therefore, the discrepancy between pregnant and nonpregnant ewes may result from differences in gluconeogenesis from propionate between pregnant and non-pregnant ewes, possibly mediated by modifications of the hormonal environment in pregnancy.
Although propionate is an excellent substrate for gluconeogenesis in sheep [19] , an excess supply of propionate to the liver may result in saturation of the gluconeogenetic process, as was shown in cows by Grohn et al. [4] . Therefore, it seems that the ability of pregnant ewes to synthesize more glucose from propionate could explain the contradicting results of feeding HEC versus HWC to pregnant or non-pregnant ewes.
Steel and Leng [ 16] In the present study, concentrations of circulating insulin were generally higher in sheep at mid-pregnancy than in non-pregnant sheep [8] . While feeding HEC to nonpregnant sheep was associated with a higher concentration of circulating insulin than feeding HWC [8, 9] , no such effect was observed in pregnant sheep in the present experiment, probably because the effect of HEC on insulin was confounded with that of pregnancy. Insulin depresses gluconeogenesis and this action is six-fold more potent in pregnant than in non-pregnant ewes [5] . However, Brockman and Laarveld [2] showed that insulin is an inhibitor of gluconeogenesis from lactate but not from propionate [3] . In other words, suppression of gluconeogenesis by insulin is probably not higher in HEC-than in HWC-fed sheep during pregnancy.
Relationship between energy intake and glucose metabolism
The positive relationship between energy intake and glucose (table ! was documented in previous studies in pregnant ewes [ 1, 15] . The present data show that the relationship between the level of intake and GILR is not merely linear in pregnant sheep, in accordance with the observation made by Hough et al. [7] . This 
